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CLAIMS 

1. A Vapor phase growth method of a metal oxide 
dielectric film on a substrate using organometal gases, 
comprising: a \step of carrying out film formation by 
introducing the organometal gases and an oxidizing gas 
into a vacuum chamber through separate introduction 
inlets while heating the substrate set in the vacuum 
chamber and keeping the total pressure of the vacuum 
chamber at 1 x 10r 2 Torr or lower. 

2 . A vapor \phase growth method of a metal oxide 
dielectric film according to claim 1, wherein the 

substrate temperature is at 450°C or lower during the 
film formation. 

3 . A vapor phase growth method of a metal oxide 
dielectric film according to claim 1 or 2 , wherein the 
total pressure of the Vacuum chamber is at 1 x 10 Torr 
or higher and 1 x 10~ 2 rorr or lower. 

4 . A vapor phase \growth method of a metal oxide 
dielectric film according to any one of claims 1 to 3, 
wherein the oxidizing gas\ comprises nitrogen dioxide gas 



25 5. A vapor phase grbwth method of a metal oxide 

dielectric film according no any one of claims 1 to 4 , 
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wherein the fiVLm formation is carried out by controlling 
the gas supply ^conditions for the organometal gases 
and/or the oxidizing gas to be self-controlling gas 
supply conditions as to obtain the metal oxide dielectric 
film having a prescribed composition and crystal 
structure. \ 

6 . A vapor phase growth method of a metal oxide 
dielectric film according to the claim 5, wherein the 
flow rates of organometal gases and the oxidizing gas are 
directly controlled without using a carrier gas to 
introduce the organometal gases and the oxidizing gas 
into the vacuum chambers 

7 . A vapor phase growth method of a metal oxide 
dielectric film according\to any one of claims 1 to 6, 
wherein the metal oxide dilelectric film is a PZT film or 
a BST film. \ 

8. A vapor phase growth method of a metal oxide 
dielectric film according to any one of claims 1 to 7, 
wherein the substrate has capacitor electrodes formed 
thereon which comprises at least any one of metals or 
metal oxides of Pt, Ir, Ru, Iroi, Ru0 2 , TiN, or WN and 
the metal oxide dielectric film Is formed on the 
substrate in vapor phase. \ 
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9 . A vapor\ phase growth method of a metal oxide 
dielectric film according to any one of claims 1 to 8, 
wherein the substrate has an Al wiring formed thereon and 
the metal oxide dielectric film is formed on the 
substrate in vapor p?iase. 



10. A vapor phase growth method of a metal oxide 
dielectric film according to any one of claims 1 -to 9, 
wherein the temperature of the inner walls of the vacuum 
chamber is equal to or higher than a temperature to allow 
the organometal gases to\ have a sufficiently high vapor 
pressure and equal to or \lower than an organometal gas 
decomposition temperature 

11. A method for fabricating a semiconductor 
device, comprising: a step of forming a MOS-type 
transistor on a semiconductor substrate, a step of 
forming a first interlayer insulation film on the 
transistor, a step of forming \electric conduction by 
opening a contact reaching the\ diffusion layer of the 
MOS-type transistor in the firste interlayer insulation 
film and burying a metal plug in the contact, a step of 
forming a capacitor lower part electrode layer on the 
whole surface of the first interlayer insulation film 
having the metal plug, a step of fiorming a metal oxide 
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dielectric film on the whole surface of the capacitor 
lower part electrode layer using organometal gases and an 



oxidizing gas a^t 1 x 10" 4 Torr or higher to 1 x 10"' Torr 
or lower of the \total pressure while keeping the 

temperature of the semiconductor substrate at 450°C or 
lower, a step of forming a capacitor upper part electrode 
layer on the whole surface of the metal oxide dielectric 
film, and a step of patterning the lower part electrode 
layer, the metal oxa.de dielectric film, and the capacitor 
upper part electrode layer to obtain a capacitor with a 
three-layered laminated structure. 
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12. A method for\ fabricating a semiconductor 
device, comprising: a Istep of forming a MOS-type 
15 transistor on a semiconductor substrate, a step of 
forming a first interlayer insulation film on the 
transistor, a step of forming electric conduction by 
opening a contact reaching the diffusion layer of the 
MOS-type transistor in the\ first interlayer insulation 
2 0 film and burying a metal plVig in the contact, a step of 
forming a capacitor lower part electrode layer on the 
whole surface of the first imterlayer insulation film 
having the metal plug, a stepi of forming a capacitor 
lower part electrode on the me\tal plug by patterning the 
2 5 capacitor lower part electrode \ a step of forming a metal 
oxide dielectric film on the patterned capacitor lower 
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part electrode and on the whole surface of the first 
interlayer insulation film using organometal gases and an 

oxidizing gas Wt 1 x 10" 4 Torr or higher to 1 xlO" 2 Torr 
or lower of the total pressure while keeping the 

temperature of the semiconductor substrate at 450°C or 
lower, a step of\ forming a capacitor upper part electrode 
layer on the whole surface of the metal oxide dielectric 
film, and a step bf patterning the capacitor upper part 
electrode layer tc\ obtain a capacitor with a three- 
layered laminated structure of the capacitor lower part 
electrode, the metal oxide dielectric film, and the 
capacitor upper part\ electrode. 

13. A method for fabricating a semiconductor 
device, comprising: a step of forming a MOS-type 
transistor on a semiconductor substrate, a step of 
forming a first interlayer insulation film on the 
transistor, a step of forming electric conduction by 
opening a contact reaching the diffusion layer of the 
MOS-type transistor in the first interlayer insulation 
film and burying a metal pVLug in the contact, a step of 
forming an aluminum wiring \electrically connected to the 
metal plug on the first interlayer insulation film, a 
step of forming a second interlayer insulation film on 
the aluminum wiring, a step of forming electric 
conduction by opening a contait reaching the aluminum 
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wiring in the \second interlayer insulation film and 
burying a metal plug, a step of forming a capacitor lower 
part electrode layer on the whole surface of the second 
interlayer insulation film including the metal plug, a 
step of forming a metal oxide dielectric film on the 
whole surface of the capacitor lower part electrode layer 
using organometal gases and an oxidizing gas at 1 x 10" 4 
Torr or higher to A x 10" 2 Torr or lower of the total 
pressure while keeping the temperature of the 

semiconductor substrate at 450°C or lower, a step of 
forming a capacitor dpper part electrode layer on the 
whole surface of the metal oxide dielectric film, and a 
step of patterning the\ capacitor lower part electrode 
layer, the metal oxide Viielectric film, and the capacitor 
upper part electrode layer to obtain a capacitor with a 
three-layered laminated structure. 

14. A method for fabricating a semiconductor 
device according to claim a3«> wherein aluminum wiring to 
be formed in the lower layer of the capacitor is made 
multilayered by repeating, a\t least one time before the 
capacitor lower part electroae layer is formed, a step of 
forming an aluminum wiring electrically conducting to the 
finally formed metal plug, a step of forming an 
interlayer insulation film on -ohe 4luminum wiring, and a 
step of forming electric conduction by opening a contact 
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reaching the aiLuminum wiring in the interlayer insulation 
film and burying a metal plug in the contact. 

15. A vapdr phase growth method for carrying out 
film formation of a metal oxide dielectric film with a 
perovskite type crystal structure represented by ABO3 on 
a conductive material using organometal gases, comprising 
steps of: carrying\out initial nuclei formation of the 
perovskite type crystal structure on the conductive 
material using all of the organometal gases to be the raw 
materials of the metkl oxide dielectric film under first 
film formation conditions, and carrying out film 
formation of the perovskite type crystal structure 
further on the initials nuclei under second film formation 
conditions . V? , 

16. A vapor phase torowth method for carrying out 
film formation of a metai oxide dielectric film with a 
perovskite type crystal structure represented by ABO3 on 
a conductive material using organometal gases, comprising 
steps of: carrying out iniuial layer formation of the 
perovskite type crystal structure on the conductive 
material using all of the oJganometal gases to be the raw 
materials of the metal oxide Vdielectric film under first 
film formation conditions and\carrying out film formation 
of the perovskite type crystal! structure further on the 



120 



15 

o 



25 



initial layer under second film formation conditions. 

17. A vapor ihase growth method for carrying out 
film formation of a\ metal oxide dielectric film with a 
5 perovskite type crystal structure represented by ABO3 on 
a conductive material using organometal gases, comprising 
steps of: carrying out initial nuclei formation of the 
perovskite type crystal structure on the conductive 
material using only a \part of the organometal gases to be 
10 the raw materials of trie metal oxide dielectric film 

under first film formation conditions and carrying out 
film formation of the perovskite type crystal structure 
further on the initial nuclei under second film formation 
conditions . 



18. A vapor phase growth method for carrying out 



'•M film formation of a metal \oxide dielectric film according 

s=* to any one of claims 15 toi 17, wherein the second film 

formation conditions are s<^ set as to carry out film 
20 formation using raw materiaV gas supply in good self- 
controlling conditions, and^the raw material of the A 
element is supplied in a higher quantity in the first 
film formation conditions than that in the second film 



formation conditions. 



19. A vapor phase growth method for carrying out 
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film formation of ra. metal oxide dielectric film according 
to any one of claims 15 to 18, wherein the supply amount 
of Zr in the B element, in the case where the B element 
includes both Zr ana Ti, is decreased relatively to that 
of Ti in the first film formation conditions as compared 
with in the second fiVLm formation conditions. 



20. A vapor phase growth method according to claim 
17, wherein the first 4ilm formation conditions are so 
10 controlled as to supply \ no Zr raw material gas in film 

formation in the case Zr\ and other elements are contained 
as the B element. 
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21. A vapor phase growth method for carrying out 
film formation of a metal ^>xide dielectric film according 
to claim 15 or 17, wherein \the film formation is carried 
out while controlling the crystal grain size by 
controlling the duration time of the initial nuclei 
formation in the first film flormation conditions. 

22. A vapor phase growth method for carrying out 
film formation of a metal oxide dielectric film according 
to any one of claims 15 to 21, wherein the total pressure 
of the raw material gases including t^he organometal gases 

at the time of film formation is\kept at 1 x 10" 2 Torr or 
lower . 
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23. A vapor vphase growth method for carrying out 
film formation of a metal oxide dielectric film according 
to claim 22, wherein the film formation temperature is 
kept at 450°C or low< 
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24. A vapor phase growth method of a metal oxide 
dielectric film according to any one of claims 15 to 17, 
wherein the metal oxide\ dielectric film is a PZT -f ilm or 

10 a BST film. 

25. A vapor phase growth method of a metal oxide 
dielectric film according to any one of claims 15 to 24, 
wherein the conductive material is a capacitor electrode 

15 comprising at least any one \of metals and metal oxides of 
Pt, Ir, Ru, Ir0 2 , Ru0 2 , TiN, \and WN. 
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26. A vapor phase growth method of a metal oxide 
dielectric film according to any one of claims 15 to 24, 
wherein the conductive material\has a three-layered 
structure of Pt/TiN/Ti. 
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27. A vapor phase growth method of a metal oxide 
dielectric film according to any ome of claims 15 to 24, 
wherein the conductive material has\ a four-layered 
structure of Pt/TiN/Ti/W. 
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28. A method for fabricating a semiconductor 
device, comprising: a step of forming a MOS-type 
transistor on a semiconductor substrate, a step of 
forming a first interlayer insulation film on the 
transistor, a step\of forming electric conduction by 
opening a contact reaching the diffusion layer of the 
MOS-type transistor in the first interlayer insulation 
film and burying a metal plug in the contact, a step of 
forming a capacitor lower part electrode layer on the 
whole surface of the first interlayer insulation film 
having the metal plug, a\ step of forming initial nuclei 
or an initial layer of a"Wetal oxide dielectric film 
having the perovskite type crystal structure on the whole 
surface of the capacitor liwer part electrode layer using 
organometal gases under the\first film formation 
conditions and further formimg the metal oxide dielectric 
film having the perovskite type crystal structure on the 
initial nuclei or the initial Y aver under the second film 
formation conditions, a step of\ forming a capacitor upper 
part electrode layer on the whoAe surface of the metal 
oxide dielectric film, and a sten of patterning the 
capacitor lower part electrode laier, the metal oxide 
dielectric film, and the capacitor\upper part electrode 
layer to obtain a capacitor with a three-layered 
laminated structure. \ 
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29. A method for fabricating a semiconductor 
device comprising* a step of forming a MOS-type 
transistor on a semiconductor substrate, a step of 
forming a first intlerlayer insulation film on the 
transistor, a step 6\f forming electric conduction by 
opening a contact reaching the diffusion layer of the 
MOS-type transistor im the first inter layer insulation 
film and burying a metal plug in the contact, a step of 
10 forming a capacitor lower part electrode layer on the 
whole surface of the first interlayer insulation film 
having the metal plug, a\step of forming a capacitor 
lower part electrode on trie metal plug by patterning the 
capacitor lower part electrode layer, a step of forming 
15 initial nuclei or an initial layer of a metal oxide 
dielectric film having the jjerovskite type crystal 
structure on the whole surface of the patterned capacitor 
lower part electrode and the first interlayer insulation 
film layer using organometal gases under the first film 
20 formation conditions and further forming the metal oxide 
dielectric film having the peroviskite type crystal 
structure on the initial nuclei c\r the initial layer 
under the second film formation conditions, a step of 
forming a capacitor upper part electrode layer on the 
25 whole surface of the metal oxide difelectric film, and a 
step of patterning the capacitor upper part electrode 
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layer to obtain a ^capacitor with a three-layered 
laminated structure of the capacitor lower part electrode, 
the metal oxide dieVLectric film, and the capacitor upper 
part electrode. \ 

30. A method fbr fabricating a semiconductor 
device, comprising a Wtep of forming a MOS-type 
transistor on a semiconductor substrate, a step of 
forming a first interlayer insulation film on the 
transistor, a step of forming electric conduction by 
opening a contact reachung the diffusion layer of the 
MOS-type transistor in the first interlayer insulation 
film and burying a metalAplug in the contact, a step of 
forming an aluminum wiring on the first interlayer 
insulation film to electrvLcally connecting the aluminum 
wire with the metal plug, \ a step of forming a second 
interlayer insulation film on the aluminum wiring, a step 
of forming electric conduction by opening a contact 
reaching the aluminum wirinta in the second interlayer 
insulation film and burying\a metal plug in the contact, 
a step of forming a capacitob: lower part electrode layer 
on the whole surface of the second interlayer insulation 
film having the metal plug, a\ step of forming initial 
nuclei or an initial layer ofla metal oxide dielectric 
film having the perovskite typb crystal structure on the 
whole surface of the whole surface of the capacitor lower 
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part electrode lcWer using organometal gases under the 
first film formation conditions and further forming the 
metal oxide dielectric film having the perovskite type 
crystal structure on the initial nuclei or the initial 
layer under the second film formation conditions, a step 
of forming a capacitor upper part electrode layer on the 
whole surface of the metal oxide dielectric film, and a 
step of patterning the\ capacitor lower part electrode 
layer, the metal oxide uielectric film, and the capacitor 
upper part electrode lawer to obtain a capacitor with a 
three-layered laminated structure. 



31. A method for fabricating a semiconductor 
device according to claim s$ , wherein aluminum wiring to 

15 be formed in the lower layeii of the capacitor is made 
multilayered by repeating, at least one time before the 
capacitor lower part electrode layer is formed, a step of 
forming an aluminum wiring electrically conducting to the 
finally formed metal plug, a st\ep of forming an 

2 0 interlayer insulation film on the aluminum wiring, and a 
step of forming electric conduction by opening a contact 
reaching the aluminum wiring in trie interlayer insulation 
film and burying a metal plug in tvie contact. 



25 32. An apparatus to be employted for vapor phase 

growth of a metal oxide dielectric material on a 
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substrate in a vacuum chamber using organometal gases and 
an oxidizing gas \as raw material gases by brining these 
gases into contacti with one another, comprising: an 
apparatus part to oe brought into contact with raw 
material gases and to be heated to the temperature equal 
to or higher than the decomposition temperature of the 
raw material gases; at least the surface of the apparatus 
part to which the raw material gases contact being made 
of a metal oxide dielectric material (hereafter referred 
to as a high temperature part-coating dielectric 
material) same or not same as the metal oxide dielectric 
material to be grown. \ 

33. An apparatus for\ vapor phase growth according 
to claim 32, wherein the high temperature part-coating 
dielectric material is a material selected from the group 
consisting of SrTi0 3 , BaTi0 3 ,\ PbTi0 3 , Pb(Zr, Ti)0 3 , (Ba, 
Sr)Ti0 3 , (Pb, La)(Zr, Ti)0 3 , (Pb, Nb)(Zr, Ti)0 3 , and 
SrBi2Ta209. \ 

34. An apparatus for vapor\ phase growth according 
to claim 32 or 33, wherein the apparatus part to be 
brought into contact with raw material gases and heated 
to the temperature equal to or higher than the 
decomposition temperature of the raw material gases 
comprises a susceptor for supporting\ a substrate. 
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35. A vapor phase growth apparatus to be employed 
for vapor phase growth of a metal oxide dielectric 
material on a substrate in a vacuum chamber using 
organometal gases and\an oxidizing gas as raw material 
gases by bringing the oases into contact with one another 
on the substrate, comprising: an apparatus part to be 
brought into contact wiuh the raw material gases and to 
be heated to the temperature equal to or lower than the 
decomposition temperature\of the raw material gases; at 
least the surface of the apparatus part to which the raw 
material gases contact being made of aluminum oxide. 

36. A vapor phase growth apparatus according to 
claim 35, wherein the apparatus part to be to be brought 
into contact with the raw material gases and heated to 
the temperature equal to or lower than the decomposition 
temperature of the raw material \gases is the inner wall 
of a vacuum chamber to carry outWapor phase growth of a 
metal oxide dielectric material tnerein. 

37. A vapor phase growth apparatus according to 
claim 35, wherein the apparatus pari to be to be brought 
into contact with the raw material gases and heated to 
the temperature equal to or lower than the decomposition 
temperature of the raw material gases comprises a liner 



installed in the inner wall of a vacuum chamber to carry 
out vapor phase growth of a metal oxide dielectric 
material therein. \ 

38. A vapor phase growth apparatus according to 
any one of claims 32 to 37, wherein the vapor phase 
growth apparatus comprises wall heating means to heat the 
walls of the vacuum chamber and is to set at a 
temperature equal to or laigher than that allowing the 
organometal gases to have\ sufficiently high vapor 
pressure and at a temperature equal to or lower than the 
decomposition temperature of each organometal gas. 

39. A vapor phase growth apparatus according to 
any one of claims 32 to 38, wfterein the vapor phase 
growth apparatus comprises respectively independent pipes 
as pipes for introducing respective raw material gases 
into the vacuum chamber. \ 

40. A vapor phase growth apparatus according to 
any one of claims 32 to 39, wherein the vapor phase 
growth apparatus comprises separately the vacuum chamber 
and a heater chamber equipped with \a heater for heating a 
substrate, and the vacuum chamber and the heater chamber 
are independently provided with pumps for exhaust gases. 
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41. A vapor phase growth apparatus according to 
claim 40, wherein the vacuum chamber and the heater 
chamber are communicated with each other through holes 
for pins to exchange substrates mounted on a susceptor 
and in the state the substrates are mounted on the 
susceptor, the holes ane closed by the substrates to 
separate the vacuum chamber and the heater chamber. 

42. A vapor phase growth apparatus according to 
any one of claims 32 to 41, further comprising: a main 
exhaust line connected to a pump and a sub exhaust line 
equipped with a water cooling trap between the vacuum 
chamber and a pump as exhaust lines for evacuate the 
vacuum chamber. 

43. A vapor phase growth apparatus according to 
any one of claims 32 to 42, wherein the vacuum chamber is 
made of aluminum. \ 

44. A vapor phase growth apparatus to be employed 
for vapor phase growth of a metal oxide dielectric 
material on a substrate in a vacuum chamber using 
organometal gases and an oxidizinq gas as raw material 
gases by bringing these gases into\contact with one 
another on the substrate, comprising: a valve capable of 
opening at the time when a substrate is put in and taken 



out between the forgoing vacuum chamber and an exchange 
chamber and with a movable shielding plate in the vacuum 
chamber side of the vklve for preventing adhesion of raw 
material gases to the valve. 

45. A vapor phase\ growth apparatus according to 
claim 44, wherein the movable shielding plate is set at a 
temperature equal to or hugher than that allowing the 
organometal gases to have Vsuf f iciently high vapor 
pressure and at a temperature equal to or lower than the 
decomposition temperature oc each organometal gas. 

46. A vapor phase growth apparatus according to 
any one of claims 32 to 45, wherein the vapor phase 
growth apparatus is used for formation of a capacitor 
film of a semiconductor device A 
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